


Pathophysiology

The liver performs many important functions,
including the metabolism of toxic or harmful
substances absorbed from the gastrointestinal
tract, which in a normal animal have been
transported to the liver via the portal vein. In
cats with CPSSs the blood containing these
substances is diverted along the shunt vessel,
resulting in high levels of waste products
(such as ammonia) being present in the 
systemic circulation. This leads to signs of
hepatic encephalopathy (HE, see page 175). 

Additionally, the liver relies on blood flow
and factors derived from the gut and pancreas
for stimulation of normal growth and devel-
opment. Cats with CPSSs have a reduced
blood supply via the portal vein and, 
therefore, the liver is not stimulated to 
develop in a normal fashion. This results in 
a small, underdeveloped liver and resultant
functional hepatic insufficiency. Although
many reports describe this as ‘liver atrophy’ 
it may be more correct to consider it as 
hepatic hypoplasia. Thus, cats with CPSSs
may also show signs associated with hepatic
insufficiency.

Clinical signs

The clinical signs associated with CPSSs can
be variable and non-specific. Signs often wax
and wane, and can be intermittent. Indeed
some cats can essentially appear ‘normal’ and
the condition may only be identified as a
result of abnormalities seen on routine blood
tests in older cats. However, the vast majority
of cats (93–100%) are presented with some
degree of neurological abnormality including
seizures, ataxia, central blindness, behaviour-
al changes, aggression, lethargy, head press-
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Extrahepatic CPSSs are 
the most common form,
accounting for 73–100% of
CPSSs in cats in published
studies.1,4,14,16,17,19–22 Extra -
hepatic CPSSs represent an
abnormal functional com -
munication between the
vitelline and cardinal venous
systems which persists fol-
lowing development.23 They
can take a variety of forms,
the most common of which is
an abnormal vessel connect-
ing the left gastric vein to 
the caudal vena cava.14,15,19,24

Other extrahepatic shunt
morphologies are described
including portoazygous,
portocaval (Fig 1) and shunts
connecting the colonic vein
or gastrosplenic vein and
caudal vena cava.3,5,15–17,21

Intrahepatic CPSSs in cats
have been broadly divided into three forms
depending on the liver lobe involved: right
divisional (right lateral and caudate liver
lobes), central divisional (right medial and
quadrate liver lobes) and left divisional (left
medial and lateral liver lobes). Left division-
al intrahepatic shunts in cats are almost
exclusively a patent ductus venosus
(PDV).25,26 The ductus venosus is a normal
structure which, in the embryo, allows the
oxygen-rich umbilical venous blood to
bypass the liver and travel straight to the
heart. Functional closure of the ductus veno-
sus normally occurs following birth. A PDV
results from failure of this normal process.
The origin of other forms of intrahepatic
CPSSs is unclear. The majority of intrahepat-
ic CPSSs in cats are left divisional.14,16,19,26 
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FIG 2 Cat with a CPSS showing evidence of ptyalism, 
a common clinical sign. Courtesy of Miss Zoe Halfacree

FIG 3 Copper-coloured irises are commonly
seen in cats with CPSSs. This cat has an

extrahepatic CPSS

Signalment
✜ Age The majority of cats that exhibit clinical signs

are under 6 months of age and may be as young as 6
weeks.1,3,6 However, some cats seem to cope well with the

condition at a young age and may not display any clinical
signs until mature. Reports have described the age of 
cats treated for CPSSs as ranging between 4 months and 
10 years.5,7,14–16,18,21,26 Therefore, it is not possible to rule out a
CPSS based on the age of the cat. 
✜ Gender Several case series have suggested that male
cats are affected more frequently than female cats.1,4,7,16 

✜ Breed Although in most reports the majority of cats
are domestic shorthairs, a number of pedigree breeds

have been suggested as being predisposed to
CPSSs, including the Persian, Himalayan and

Siamese.1,14,15,17,18,21,22,26,27 

FIG 1 Simple anatomical
diagram of a congenital
portosystemic shunt (PSS). 
The shunt joins the portal
vein to the caudal vena cava
(CVC) – a so-called
portocaval shunt. Thus
blood flows from the portal
vein directly into the CVC
(systemic circulation) and
bypasses the liver
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ing and tremors.4,14–16,18 These neurological
signs are typically intermittent and can wors-
en following feeding.1,4,6 Another hallmark of
a CPSS is ptyalism (hypersalivation), which is
reported in 67–84% of cats (Fig 2).4,15,16,21 These
neurological signs are caused by HE and
reflect a prosencephalic localisation.28

A large proportion of cats may be small or
stunted with a poor body condition score;
however, normal stature does not rule out a
CPSS.1,6,14,16,18,21 In addition, 13–64% of cats
with CPSSs are reported to have copper-
coloured irises (Fig 3).15,16,18,21,24 The reason 
for this is unclear. A high rate of cryp-
torchidism in male cats with CPSSs has also
been reported.1
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Hepatic encephalopathy is a complex syndrome of neurological
signs that can develop in cats suffering from hepatic insufficien-
cy (due to either acquired or congenital liver disorders). Common
causes are hepatic lipidosis, end-stage liver disease and CPSSs.
Clinical signs associated with HE relate
to the central nervous system and
include behavioural changes, aggression,
ataxia, pacing, compulsive circling, head
pressing, cortical blindness, tremors,
seizures and coma. An episode of HE can
be triggered by a high protein meal (Fig
4), gastrointestinal bleeding, azotaemia
or the administration of anaesthetic
drugs. As mentioned, neurological signs
relating to HE are extremely common in
cats with CPSSs. Signs may be intermittent, however, and cats
with HE secondary to a CPSS may have relatively long periods
of normal behaviour.

The pathogenesis of HE is poorly understood and it is likely
that multiple factors are involved. The syndrome results from
failure of the liver to remove toxic products of gut metabolism
from the portal blood and also from failure of the liver to produce
factors important for normal brain function.29 One of the major
factors contributing to HE is ammonia, which is often increased

in cats with CPSSs. The principal source of ammonia is the gas-
trointestinal tract, in particular the colon. Anaerobic bacteria and
coliforms degrade proteins and produce urease, which converts
urea to ammonia. Ammonia is removed from the portal circula-

tion by the liver and converted into urea.
In cats with CPSSs, the ammonia is not
metabolised by the liver because it
enters the systemic circulation directly. 

However, ammonia is not the sole
cause of HE and ammonia levels can be
normal in cats with CPSSs.6,11,15,30

Various other factors have been impli-
cated in the pathogenesis of HE includ-
ing increased aromatic amino acids
(phenylalanine, tyrosine, tryptophan and

methionine), increased central nervous system inhibitors
(gamma-aminobutyric acid [GABA] and GABA receptors),
increased mercaptans and increased short-chain fatty acids.28,29

It is believed that several of these factors act synergistically in a
given animal with HE and this may partly explain the variation in
clinical signs between individuals.29

For further information, and a detailed discussion of the
pathophysiology of HE, readers are referred to a recent article in
this journal.28

FIG 4 Cat with a CPSS
eating (a) and showing
signs of HE following the
meal (b). Note also the
copper-coloured irises.
Courtesy of Dr Stephen
Baines

a b

H e p a t i c  e n c e p h a l o p a t h y  

Cats with HE secondary to

a CPSS may have relatively

long periods of normal

behaviour with intermittent

clinical signs.

Other clinical manifestations may include 
gastrointestinal signs, urinary tract signs, and
polyuria and polydipsia. 1,14–16 However, these
signs (polyuria and polydipsia, in particular)
are not as commonly seen in cats as in dogs.
Gastrointestinal signs, including vomiting,
diarrhoea, inappetence and weight loss, are
reported in 24–71% of cats.16,18 Urinary tract
signs include dysuria and haematuria and are
seen in 8–39% of cats and relate to ammonium
urate urolithiasis.7,14,16,18,21

Intolerance to sedatives or anaesthetics has
also been described as a clinical sign.1,14,15 This
can range in severity from a prolonged recov-
ery from anaesthesia to the precipitation of an
encephalopathic crisis.
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Diagnostic tests

Biochemistry and haematology
Routine haematology and biochem-
istry are useful in the investigation of
cats with a suspected CPSS, particu-
larly to rule out other dif ferential
diagnoses. However, biochemical and
haematological changes are typically
mild and non-specific and may 
be largely unremarkable. Normal
haematology and biochemistry find-
ings do not rule out the presence of a
CPSS. 

Many biochemical changes are
reported in cats with CPSSs and these
tend to relate to decreased liver function as a
consequence of the shunting of blood. The
most common abnormality is low urea, seen
in 61–100% of cats with a CPSS.11,15,21,24 Urea is
synthesised in the liver as the waste product
of ammonia metabolism (Krebs-Henseleit
urea cycle). If more than 70% of liver function
is lost then this affects ammonia metabolism
and thus urea levels will be reduced. Fluid
therapy, polyuria/polydipsia or a restricted
protein diet may also contribute to low urea
levels.24 Creatinine may additionally be
reduced as a reflection of low muscle mass in
small or stunted cats. 

Although decreased albumin and total protein
are frequently reported in dogs with CPSSs this
is less common in cats, with hypoalbuminaemia
reported in 0–74% of feline cases.15,21,24 Albumin
and most globulins are synthesised in the liver,
and so decreased proteins are likely to be due to
hepatic insufficiency. Levels of alkaline phos-
phatase (ALP) and alanine aminotransferase are
normal or may be moderately increased.21,31 It is
suggested that this is due to reduced hepatic
perfusion leading to hypoxic cellular damage
and enzyme leakage.24 Increases in ALP may
also be due to isoenzyme induction in very
young cats. Hypoglycaemia is uncommonly
seen in cats with CPSSs. However, it is important
to assess glucose levels as severe hypoglycaemia
can cause neurological signs which could be
confused with HE.

Approximately 27–54% of cats have a
microcytosis.1,15,21,24 Unlike dogs, this is only
accompanied by anaemia in a small propor-
tion (approximately 0–15%) of cats.15,21,24

Lymphopenia and lymphocytosis are also
seen but these are very non-specific findings.1
Reports have described clotting abnormalities
in dogs with CPSSs.32,33 As the liver is respon-
sible for the production of the majority of 
clotting factors there is a concern regarding
coagulopathy in cats with shunts. There have
been no studies examining this in the cat but
perioperative haemorrhage has not been
reported as a common problem.

Urinalysis
Urinalysis may reveal low urine spe-
cific gravity, particularly in cats with
polyuria/polydipsia.1 There may
also be evidence of ammonium bi -
urate crystals on sediment examina-
tion, although this is uncommon
(20–43%).3,6,11,15,21,24 Ammonium bi -
urate crystals are typically golden in
colour with a thorn apple shape and
can be seen on light microscopy at 
x 400 magnification (Fig 5). In a 
normal animal, uric acid, which is 
a by-product of purine metabolism,
is metabolised in the liver. In cats
with CPSSs the liver’s ability to

metabolise uric acid is reduced, leading to an
increase in serum ammonia and uric acid, which
is excreted in the urine. As uric acid is relatively
insoluble ammonium biurate crystals form.

The presence of ammonium biurate crystals
increases the suspicion of CPSS. In one study,
12% of cats had ammonium biurate calculi.1

Hepatic function tests
Assessment of hepatic function is necessary to
investigate the suspicion of CPSS further. Two
blood tests are commonly used: blood ammo-
nia and the bile acid stimulation test. 

As suggested above, fasting ammonia is
increased in the majority of cats with
CPSSs.3,11,14,15,21,30 However, ammonia can
occasionally be normal and thus a normal
result should not rule out a diagnosis of a
CPSS.6,11,15,30 The sensitivity and specificity of
ammonia for the diagnosis of a CPSS has been
reported as 83% and 86%, respectively.30 As
ammonia is normally metabolised by the liver,
resting ammonia levels represent a very crude
estimate of liver function. Ammonia is very
labile and so samples must be frozen and
analysed very quickly. An alternative is to use
a ‘point of care’ ammonia analyser, which has
been shown to have potential in cats.34

A bile acid stimulation test is the most accu-
rate test available to measure liver function
for the diagnosis of hepatobiliary disease. It is

very reliable for the diagnosis of portosys-
temic shunting, although it is not able

to differentiate between a CPSS and
other forms of liver disease on its

own. It has been shown that bile
acid testing alone gives the best
sensitivity, specificity and pre-
dictive values for the diagno-
sis of a CPSS in the cat.35,36 The
sensitivity of preprandial and
postprandial bile acids has

been reported as 58–100% and
100%, respectively, with a speci-

ficity of 84% for fasting bile
acids.1,15,21,30,35
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FIG 5 Examination of 
urine sediment from a cat
with a CPSS. Note the
characteristic ammonium
biurate crystals. Courtesy of
RVC Diagnostic Laboratory

Serum bile acid testing
A serum sample is collected and the animal
is fed. A postprandial sample is taken after 
2 hours. Some studies have shown that
cats with CPSSs may have normal

preprandial bile acids but increased
postprandial bile acids, highlight-

ing the importance of the 
latter sample.21
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Bile acids are synthesised from cholesterol
in the liver. Even in liver failure there remains
a vast reserve capacity for the production of
bile acids and, hence, insufficient production
is never a concern. Bile acids are conjugated to
an amino acid (taurine or glycine) and stored
in the gall bladder. After a period of fasting,
bile acids are low in the serum of normal cats.
Ingestion of food results in the release of
cholecystokinin, which stimulates the gall
bladder to contract and release bile acids into
the duodenum. Most bile is reabsorbed by
active transport in the ileum, although a small
amount is passively absorbed throughout the
intestine. Bile is extremely well conserved
through enterohepatic recycling, with less
than 5% lost in the faeces. 

A normal liver will take up the bile from the
blood very rapidly following absorption from
the intestines. Therefore, only minor and tran-
sient increases in serum bile acids are seen in
a normal animal. However, in an animal with
a CPSS or multiple acquired shunts, bile acids
that are reabsorbed from the intestine are
diverted into the systemic circulation rather
than continuing to the liver via the portal
vein, thereby producing prolonged and
increased serum bile acid concentrations. 

Differential diagnosis

Cats with CPSSs may present with an array of
non-specific clinical signs, so the initial list of
differential diagnoses may be quite extensive.
As outlined earlier, the vast majority of cats
exhibit neurological signs and, therefore,
other neurological diseases may be high on
the list of possibilities. Liver function tests
(ammonia and dynamic bile acids) are key to
ruling in or out a suspicion of liver disease,
including a CPSS. Once portosystemic shunt-
ing is suspected, further investigations, usual-
ly including some form of imaging, are 
necessary to identify the cause. 

In cats, the main differential diagnoses for a
CPSS include multiple acquired PSSs (sec-
ondary to severe liver disease), arteriovenous
(A/V) fistula and primary portal vein
hypoplasia (PVH – previously called
microvascular dysplasia). In cats the most
common diagnosis is a CPSS; A/V fistulae
and PVH are extremely rare.20,37,38 Primary
PVH is described as microscopic portosys-
temic shunting within the liver, and results in
similar clinical signs to those exhibited by ani-
mals with a gross CPSS. In some animals this
is associated with hepatic fibrosis and portal
hypertension and can lead to the development
of multiple acquired shunts. This is a specific
condition and should not be confused with
underdevelopment (hypoplasia) of the extra-
hepatic portal vein.

Imaging

Although surgery allows the direct diagnosis
of a CPSS, in most instances some form of pre-
operative imaging is performed in order to
clarify the suspicion of a CPSS and to acquire
further information regarding the nature of the
shunt to help with surgical planning (Table 1).

Abdominal ultrasonography is extremely
useful, particularly as it is relatively inexpen-
sive and non-invasive. It can be used to 
directly identify the portosystemic shunt and
provide information regarding the type and
location of the vessel (Fig 6).18 Ultrasonography
has been reported to have a sensitivity and
specificity of 100% in one study, with 13/14
cats correctly identified with the type of
CPSS.18 However, the biggest drawback of
ultrasonography for CPSS identification is that
it is highly operator dependent. In other stud-
ies this imaging modality has only identified
approximately 47–50% of CPSSs in cats.1,21

Although ultrasonography may diagnose a
CPSS it may not be able to accurately identify
the precise nature of the abnormality (ie, intra-
versus extrahepatic). In addition, failure to
identify a shunt on ultrasonography does not
rule out the possibility that one is present.
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Bile acid testing alone gives the best sensitivity,

specificity and  predictive values for the 

diagnosis of CPSSs in the cat.

FIG 6 Abdominal ultrasound image from a cat with an extrahepatic CPSS. St = stomach, pv = portal
vein, * = shunt branching from portal vein and bypassing the liver. Courtesy of Professor Chris Lamb

Ultrasonography has been reported to have 

a sensitivity and specificity of 100%, but in other

studies it has identified only 47–50% of CPSSs 

in cats. The biggest drawback is that 

it is highly operator dependent.
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Abdominal radiographs may be performed
as part of a diagnostic work-up but add little
to the diagnosis of a CPSS. Plain abdominal
radiographs may show microhepatica and
loss of abdominal detail in underweight cats,
but these findings are not consistent.1,4

Per rectum portal scintigraphy with tech-
netium pertechnetate can be very reliable in the
diagnosis of CPSSs in cats, with good sensitivi-
ty and specificity.1,15,39,40 Its use is limited in the
UK (and some other countries), however, by
radiation safety guidelines and availability.
With the advent of ultrasound, scintigraphy
has been used less commonly, particularly as it
provides limited anatomical information
regarding the shunt, which makes it less useful
for pre-operative surgical planning. However,
it may be of value in the diagnosis of more
complicated or occult vascular anomalies. 
It also has a role in the follow-up of surgically
treated cats to assess for continued shunting.40

Many different techniques involving con-
trast imaging have been described, including
cranial mesenteric angiography, splenopor-
tography and mesenteric portovenogra-
phy.27,41,42 Intraoperative mesenteric porto -
venography using fluoroscopy (see page 179)
allows the imaging to be performed at the

same time as surgical attenuation of the shunt
and avoids the necessity of moving the cat
into radiography for the imaging or the
requirement for two procedures.26

One study examined the extent of intra -
hepatic vasculature development using porto -
venography.14 The degree of vascular develop-
ment at first surgery was significantly associated
with age, duration of and response to medical
treatment, the probability of neurological com-
plications, the clinical response, the existence of
neurological signs at follow-up and decrease in
bile acids at follow-up. Thus porto venography
can also be used as a prognostic indicator.
Logically, cats with well developed intrahepatic
vasculature are likely to show a better response
to treatment with fewer complications.

There have been reports of the use of com-
puted tomography (CT) angiography and
magnetic resonance angiography (MRA) for
diagnosing CPSSs in dogs.43,44 Although only
one report of the use of CT angiography in a
cat with a CPSS has been published it is likely
that both techniques will be used increasingly
to provide a definitive diagnosis and detailed
information regarding shunt morphology and
intrahepatic vasculature development prior to
surgery.45

Imaging modality Advantages Disadvantages

Radiography Readily available
Relatively cheap
Non-invasive

Non-specific
Cannot provide confirmation of a CPSS

Ultrasonography Readily available
Relatively cheap
Non-invasive
Excellent accuracy for diagnosis of a CPSS in one report18

Can provide information on shunt location/morphology
Provides information regarding liver size and
presence/absence of urinary calculi
Can be used to assess residual shunt flow following surgery

Highly operator dependent
Often requires sedation for detailed scan

Scintigraphy Non-invasive
Good accuracy for diagnosis of CPSSs
Provides information on degree of shunting
Particularly useful for monitoring response to treatment 
(ie, identifying continued shunting postoperatively)

Normally requires sedation or anaesthesia
Not readily available
Use in UK (and some other countries) restricted by
radiation safety guidelines
Provides limited information on shunt location/morphology

Magnetic resonance
imaging/computed
tomography

Likely to prove extremely accurate for diagnosis of CPSSs
Provides highly detailed information on shunt morphology 
and hepatic vasculature
Useful to assess response to treatment in terms of hepatic
development/blood flow

Expensive
Not readily available
Requires general anaesthesia 
Currently experience with these techniques is limited

Intraoperative mesenteric
portovenography

Allows definitive diagnosis
Provides information on shunt morphology and intrahepatic
vasculature pre-attenuation
Repeat portovenography following attenuation allows
confirmation of correct shunt identification and assessment 
of intrahepatic vasculature
Allows definitive diagnosis and surgical treatment during 
one procedure

Requires intraoperative fluoroscopy – limited availability
and increased cost
Increases anaesthesia and surgical time (approximately
15 mins)

Preoperative cranial
mesenteric angiography/
splenoportography

Provides similar information to intraoperative mesenteric
portovenography
Potentially reduces subsequent surgical time

Animal will require two anaesthetics if surgery 
is indicated
No ability to perform post-attenuation studies

TABLE 1 Comparison of different imaging modalities for the diagnosis of CPSSs
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While intraoperative mesenteric portovenography is not essen-
tial for every case, the authors perform it in all cats with a sus-
pected CPSS because it provides several advantages:
✜ It allows definitive diagnosis of the CPSS (or, just as

importantly, definitive confirmation that a CPSS is not
present in animals with other liver conditions in which a
CPSS was suspected).

✜ It defines the exact location and morphology of the shunt
(particularly useful for intrahepatic shunts or any shunt that
is not easily identified on initial abdominal exploration).

✜ It rules out the presence of a second congenital shunt (very
rare) or multiple acquired shunts (these may be mistaken for
a CPSS if one is much larger than all the others).

✜ It can be used following temporary complete attenuation of
the shunting vessel to confirm correct identification of the
shunt and all its branches.

✜ It allows an assessment of the degree of intrahepatic portal
vascular branching before and after temporary complete
attenuation, which may be useful to help decide if a CPSS
will tolerate complete permanent attenuation. 

I n t r a o p e r a t i v e  m e s e n t e r i c  p o r t o v e n o g r a p h y

Catheter being placed in a jejunal vein for portal pressure measurement and administration
of contrast for portovenography

Intraoperative image showing C-arm
positioned for portovenography. Note

the sterile cover

a

Ventrodorsal
portovenograms from two
cats with a CPSS (cranial
is at the top of each
image). VC = vena cava, 
PV = portal vein, S = shunt. 
(a) Intraoperative
portovenogram in a cat
with a left gastric
extrahepatic CPSS.
Contrast has been injected
through a jejunal vein
under fluoroscopic
guidance with digital
subtraction. The majority
of the contrast, and hence
blood, flows through the
large shunt vessel on the
right of the image. 
The portal vein and
intrahepatic vasculature
appear faintly on the left.
(b) Repeat portovenogram
following temporary
occlusion of the shunting
vessel. Note the increased
opacification of the liver
and lack of contrast flow
through the abnormal
vessel. 
(c) Intraoperative
portovenogram in a cat
with a left divisional
intrahepatic CPSS. Note
that there is no intrahepatic
vasculature visible.
(d) Repeat portovenogram
following temporary
occlusion of the shunting
vessel. Note the increased
opacification of the liver 
and lack of contrast flow
through the abnormal vessel

b

c d
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have already undergone the critical phases of
growth, typically after 6 months, the relative
importance of meeting calcium requirements
is decreased and commercial hepatic diets are
acceptable for managing these cases. 

In cases where commercial diets cannot meet
the nutritional needs of the animal, individu-
alised formulations can be produced by a 
veterinary nutritionist. In some instances, a
mixture of different diets (eg, a hepatic diet
supplemented with unsalted cottage cheese)
may be sufficient, while in other cases, a 
complete and balanced home-made diet is 
necessary, but, again, this requires the expert-
ise of a veterinary nutritionist.

Lactulose
Lactulose is a synthetic disaccharide

that is neither hydrolysed nor
absorbed in the small intestine.48

In the colon it is hydrolysed by
enteric bacteria (primarily
Bacteroides species) to lactic,
acetic and formic acids.46 These
organic acids reduce the pH of
the colonic contents and osmoti-
cally increase faecal water loss.
This acidification of colonic 

contents results in the production
of more ammonium (NH4

+) than
ammonia (NH3). Ammonia is freely

diffusible across the mucosa, whereas
ammonium is not. Hence, acidification

reduces the amount of ammonia absorbed. 
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Medical treatment Recommended dose and frequency

Lactulose 0.5–2 ml orally q8–12h (ideally 2–3 soft stools daily)

Antibiotics
Ampicillin
Amoxicillin/clavulanate
Metronidazole

10–20 mg/kg orally q8h 
12.5 mg/kg orally q12h
10 mg/kg orally q12h

Antiseizure medication
(if seizures present)
Phenobarbitone 

Levetiracetam 

1.5–3 mg/kg orally q12h 
Serum phenobarbitone levels should be measured 2 weeks
after starting therapy and the dose adjusted accordingly.
Dose may be tapered following a prolonged period (eg, 3–6
months) without seizures 

20 mg/kg orally q8h 

TABLE 2 Recommendations for medical therapy

Medical management

Many cats with a CPSS show relatively severe
clinical signs at the time of diagnosis. Medical
therapy is used to stabilise their condition
prior to definitive surgical treatment. The
authors recommend a minimum period of 2
weeks’ medical management before attempt-
ing surgical treatment. Medical management
of cats with CPSSs treats the signs of HE but
does not correct the underlying portosystemic
shunting. Medical therapies (Table 2) aim to
reduce ammonia (and other toxin) levels,
which usually significantly improves the 
clinical signs of HE.

Dietary modification
Dietary modification is very impor-
tant in the management of HE. The
ideal diet should: 
✜ Be highly digestible to
reduce the residue reaching the
colonic bacteria;
✜ Contain protein of high bio-
logical value with high levels
of branched-chain amino acids
and arginine, and low levels of
aromatic amino acids and
methionine;
✜ Have a highly available carbo-
hydrate as the primary source of
calories;
✜ Contain physiological levels of vita-
mins and minerals; 
✜ Be highly palatable.46

A dietary source of arginine is very important
in cats as it is used in the metabolism of ammo-
nia to urea.46 Protein modification is the most
important part of dietary management, but also
potentially the most challenging aspect. Cats
have a high obligatory rate of protein oxidation
due to a low capacity to down-regulate protein
catabolism in the face of decreased protein
intake.47 As many cats afflicted with HE are
small and underweight, excessive protein
restriction may exacerbate the signs of HE due
to accelerated protein oxidation and ammonia
production. Protein levels in the diet must,
therefore, meet the animal’s needs without
being excessively high. This balance is difficult
to predict in individual cats and the level of
restriction must be titrated to the highest toler-
ated amount based on clinical signs.

The amount of protein available in the diet
is not the sole consideration as growing ani-
mals have additional nutrient requirements
such as calcium and phosphorus. There are 
a variety of commercially available hepatic
diets which may be suitable for cats with
CPSSs; however, these diets would ideally
require modification in order to meet calcium
and phosphorus requirements. In animals that

The authors recommend a minimum period 

of 2 weeks’ medical management to stabilise 

the condition of cats with CPSSs 

before attempting surgical treatment.

Reported response rates to medical management 
In one study of 25 cats managed medically prior to 

surgery there was no response to medical treatment in 12%
of cats, a partial response in 56% of cats, and 32% showed

complete resolution of their clinical signs.14 While it is clear that
medical management may be effective in stabilising the clinical
signs associated with HE in the short term, there is very little
information regarding its use as the sole treatment long term in
the cat. One study reported that two cats managed medically
for an intrahepatic CPSS were euthanased at 4 weeks and 
30 months due to persistent or recurrent HE.3 In the same

study, two cats that had partial ligation of an extra -
hepatic CPSS suffered recurrence of HE at 12 and 

15 months postoperatively associated with 
persistent shunting, and these cats failed

to respond to medical management
and were euthanased.
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Lactulose also decreases intestinal transit
time and hence reduces the production and
absorption of ammonia and other toxins. In
addition it increases faecal nitrogen content
via the incorporation of ammonia into bacter-
ial proteins.46 Lactulose is used in combina-
tion with antibiotics and can be synergistic.

Antibiotics
Antibiotics are used in the treatment of CPSSs
to reduce the enteric flora that produce many
of the toxins implicated in HE during diges-
tion of a meal. Ideally, these antibiotics should
not be absorbed in the intestine and should 
be effective against ammonia-producing 
bacteria. Ampicillin, amoxicillin, amoxicillin/
clavulanate, neomycin and metronidazole
have all been used to treat HE in cats.28,46 

Antiseizure medication
Cats with neurological signs that fail to
respond to medical therapy for HE, or those
with uncontrolled seizures or status epilepti-
cus, should be started on antiseizure medica-
tion (eg, phenobarbitone). Phenobarbitone is
metabolised by the liver so as low a dose as
possible should be used and cats on long-term
treatment should be carefully monitored.
Levetiracetam is an alternative treatment to
phenobarbitone and has the advantage of a
more rapid onset of action. It is important to
note that potassium bromide is not recom-
mended for use in cats due to the high inci-
dence of severe complications, including
lower airway disease. 

Readers are referred to a recent article in this
journal for further information on the man-
agement of seizures in cats.49

Approach to the severely
encephalopathic/collapsed cat 

In some instances cats can be presented col-
lapsed, comatose or in status epilepticus due
to severe HE. On occasion this may have been
precipitated by an anaesthetic episode or
other insult in a cat already being medically
managed or with occult disease. 

Hepatic encephalopathy can be exacerbated
by a number of factors. Increased protein,
either in the diet or due to gastrointestinal
haemorrhage, can result in increased ammo-

nia production by intestinal bacteria and 
constipation allows increased absorption of
ammonia. Cats with CPSSs often suffer vomit-
ing and this can lead to acid/base abnormali-
ties (particularly metabolic alkalosis), 
electrolyte abnormalities (hypokalaemia),
dehydration and possibly hypovolaemia.
Alkalosis results in the formation of ammonia
rather than ammonium, which diffuses more
readily into the central nervous system.
Hypo kalaemia results in increased renal
ammonia formation and potentiates alkalosis.
Hypo volaemia can cause pre-renal azotaemia
and hence increased urea, resulting in
increased ammonia production.

Cats with severe neurological signs or in status
epilepticus should be treated as an emergency.

Minimum database, fluid therapy
A minimum database (including blood glu-
cose and serum electrolytes) should be
obtained to rule out other potential causes of
seizures or collapse, such as electrolyte abnor-
malities or hypoglycaemia, and to identify
any complicating factors. Cats should be
given intravenous fluid therapy with appro-
priate supplementation to correct any hypo -
perfusion, dehydration or metabolic abnor-
malities that may be potentiating the problem. 

Lactulose and antibiotic therapy
Medical therapy should be commenced, as
described above, with lactulose and anti -
biotics. Clearly, in a comatose or seizuring cat
it will not be possible to administer drugs
orally. Parenteral antibiotics can be given,
although they are likely to be less efficacious
than oral antibiotics; the authors recom mend
amoxicillin/clavulanate intravenously. Alter -
natively, neomycin can be given rectally.
Lactulose can be administered as a retention
enema. A warm water cleansing enema
should be given prior to medicated enemas. 
A cleansing enema will remove faeces and,
hence, reduce ammonia absorption from the
colon. If there is evidence of gastrointestinal
haemorrhage then omeprazole (a proton
pump inhibitor) should be given.

Antiseizure medication
Cats can suffer seizures for a variety of rea-
sons and will often receive diazepam as a
first-line treatment. However, there is some
controversy over the use of diazepam in cats
with CPSSs due to concerns over increased
GABA and GABA receptors in cats with HE.
Cats that do not respond to diazepam and
aggressive treatment of HE should be treated
with phenobarbitone intravenously (see box
on page 182 for more information on pheno-
barbitone loading). Once the cat is stabilised,
oral phenobarbitone can be started. 

Medical management treats the signs of HE 

but does not correct the underlying portosystemic

shunting. Therapies aim to reduce ammonia 

(and other toxin) levels.
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Levetiracetam is a relatively new antiseizure
medication that has been used in cats,
although there are no published reports of its
use in cats with HE.49

In cats with severe HE cerebral oedema can
develop and may contribute to neurological
signs. In these situations a single bolus of 
mannitol can be given to see if this brings
about an improvement in  clinical signs.
Mannitol should not be used in severely 
dehydrated or hypoperfused animals.

Monitoring the progression of severely
encephalopathic cats, including response to
therapy, may be facilitated by the use of a modi-
fied Glasgow Coma Scale, as described in dogs.50

Physical examination and minimum database
✜ Check for other causes of neurological signs, not related to a CPSS; in particular,

electrolyte abnormalities or hypoglycaemia
✜ Give intravenous fluid therapy to correct acid/base deficits, dehydration and/or

hypovolaemia. Supplement with glucose and potassium as necessary

If the cat is conscious give oral medication
✜ Lactulose: 0.5–2 ml q8–12h
✜ Antibiotics: ampicillin (10–20 mg/kg q8h), amoxicillin/clavulanate (12.5 mg/kg

q12h) or metronidazole (10 mg/kg q12h)

If the cat is not conscious and able to take oral medication 
provide parenteral/rectal drugs

✜ Cleansing warm water enema: 10 ml/kg
✜ Lactulose: retention enema – 20 ml/kg of a 3:7 dilution with water for 30 mins q6–8h
✜ Antibiotics: intravenous – amoxicillin/clavulanate 20 mg/kg q8h (recommended)

retention enema – neomycin 15 mg/kg diluted with water q6h 
✜ Mannitol: 0.25–0.5 g/kg intravenously over 30 mins (indicated in severe cases with

cerebral oedema)

If the cat is seizuring
✜ (Diazepam: 0.5–1 mg/kg IV, repeated up to three times)
✜ Phenobarbitone: a loading dose of up to a maximum of 8–12 mg/kg should be given as

2–3 mg/kg boluses IV as necessary to control the seizures (allow at least 20–30 mins
between doses and reassess the cat prior to dosing). Once loaded, phenobarbitone
should be continued at 1.5–3 mg/kg q12h

✜ Propofol: 0.5–1 mg/kg bolus IV followed by 0.05–0.4 mg/kg/min infusion titrated to
effect

✜ Levetiracetam: 20 mg/kg IV or as a retention enema q8h followed by same dose orally
once recovered

Tr e a t m e n t  p r o t o c o l  f o r  t h e  c o l l a p s e d / s e i z u r i n g  c a t

However, phenobarbitone takes time to
reach therapeutic concentrations and so will
not stop seizures immediately. In some
instances, therefore, it is necessary to treat the
cat with propofol, either by bolus or infusion,
to control the seizures initially. Propofol infu-
sions should be used with care in cats as 
prolonged use is associated with delayed
recoveries and may in rare cases cause Heinz
body anaemia. Cats treated with phenobarbi-
tone and propofol infusions should be closely
monitored with regular measurement of pulse
rate, respiratory rate, temperature, blood pres-
sure, and so on. Endotracheal intubation may
be necessary in some instances. 
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